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(54) METHOD FOR SELECTING INITIAL 

APPROXIMATE VALUE OF SEQUENTIAL 
SUBSTITUTING METHOD AND LIQUID CRYSTAL 
DISPLAY DEVICE DESIGNED BY USING SAME 
SEQUENTIAL SUBSTITUTING METHOD 

(57) Abstract: 

PROBLEM TO BE SOLVED: To obtain high precision and 
shorten a calculation time by using a numeric solution 
which is found by the sequential substituting method of 
a certain round as an initial approximate value of the 
sequential substituting method of another round when the 
sequential substituting method is executed plural times. 

SOLUTION: In numerical calculation 12 by the 1st 
sequential substituting method of a 1st round, a 1st 
initial approximate value 11 is substituted as a 1st old 
approximate value 13 in a 1st equation 14 to find a 1st 
new approximate value 15, which is substituted as a 1st 
old approximate value 13 repeatedly; and the 1st new 
approximate value 15 at this time is regarded as a 1st 
numeric solution 16. In numerical calculation 22 by the 
sequential substituting method of a 2nd round, a 2nd 
initial approximate value 21 is substituted as a 2nd old 
approximate value 23 in a 2nd equation 24 to find a 2nd 
new approximate value 25. Then this 2nd new 
approximate value 25 is substituted as a 2nd old 
approximate value 23 again and the 2nd new approximate 
value 25 is regarded as a 2nd numeric solution 26. Thus, 
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the 1st numeric solution 16 is used as a 2nd initial 
approximate value 21. 
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(57) 

Wik^m raMtAttfclMSHItfr-r***^ * 
*H<Da<fcftAtt»::J:*>#*'b*tfcfttt«*. flioigo 
S*ftAft«>%o»li£«UIfc LTJ8v>4. 




1 

LT*9>< £fc***i:K«LT, t-HfrE&llJB* 

[Sf**2] J|l-O^F«SCf(x)W)*»fc-r»«»x»'" 
*#A4fcAt::, tMEJ|L— o2rflS;*x-g(x)i:SHBU 
MHiftMb' n ' * IBiSiftttx 0 1 o £ LTft A"T * £ £ K J: 
<0 «ri51EHlx"»«=g(x» '«) WtFlWKIBi£<EMtoc»' d 

t LT«rlE*fia«l*x"»"*ftXLr*»< Z£Z%.*£R 

<o@ofltrffijl^:ftAS<o|irfa*j»!J£ftii[x ini (2) £ lx 

3 ] B«0*fcg»*-£trntttf>ifc£#|i5$:f j 
(xi,X2, •■■•,x.)=0 (j=1,2, ,n)£$S£-ri&:<fi<$Xi 

(i=1,2,----,m)Sr*i6^^i6t-, «rEaL3i::&«**n 

1B<0jSSl^'®^;xj=gi (xt ,X2, ,x») (j=1,2, ,n) 

ttfU nHHoamBifiiRttxi'" 1 (i-1,2,--",m)*IBia 
(EWtxi«"««(i-1,2,-"-,B)i: LTftA-r&ittCJ: »)n1I 
<75fn4'(EMixj n< »"=gj (xio'< , ,x2 old , ■•■■,x D old ) (j-1,2, 
••••,n) S0 f nHHOtlrfeiBiaftlfilxi« , «»(i=1,2," 
•■,m)«5— LTn1@«7)frIB«fi4teHMxj 

( j=1 ,2, ■ • ■ •, n) ZKX LX«P < £ £ £ Km L 

x, m^izm^mmx,^ 1 <i=i,2, — ,m> ^w^>is 
&ttxm-t$^x, 

ttES*ftAft*«»H*frr h&mn-mu 
m^xm-a titzmmmmxi* 01 oxi-i, 

2, ,m)«r. «0|loi*BS*ftASO«rE»*lifi«l 

ttxi i " i (2)(i=1,2 1 ---,ni)J:Ltfflv^;i:^^Stt 
4, 

[a*S4] i 

®fc1"4, 

[»**5l iWE^e***, 1-Atc. 3 



(2) #B3¥9-2 4 5 0 7 8 

2 

at#« 5 E«w>2&fcft Aftoto«iaffii«[oasBiSo 

mum 6 e*oa*ft Atto»aiia«i«oasBfto 
ffi®53-*e^:T-* 4 £ t & 1 1-4 , 

[»*S9] H&E^SS;*, Newton-flaphson&T-B? < 

*i4£fc£#gfcfc-t4, 

JO Tigffl$*i4£<!:£#&i-r4. 

1 E*O^ftXfeW*0»!ffl<ftitOS5effio 
[B*)S1 4] LaplaceO^i^liPoissonW^^fflv^ 

»*9il 5EROS^:ftA«<0«J»afR1iOS5efto 

im&m 1 7 ] 1 %m<ommmm<r>m^i 
nm LtzmkKxmzm^xtscVrzttfzz t i&m.t-* 
4, 

10 0 0 1 ] 
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[0 0 0 2] 

StflBiSttUSi LT^e^tlftA 

[0 0 0 3] J: >) JlttttKMU W****^**®^ 

-«*SS:f(x)=0S:x=g(x)tfiL, WffliSflMtx"" * 
IBi&tMfcf" J: LTftA-r*ikKJ: <3«ra<ftffix"»»=g 
(x°'«)£#i6, WtK|Baift*x»'<'fc LTfriS1tt^»»* 

[0004] »***4'<#^rss:*»at2:*es:(0»# 

1i<0*5L^S^fi (xi,x2,----,x.)=0 (j-1,2, ■••■,n)£ 

Xj=gj(xi,x2, ,xm) (j=1,2, ,n)tfiL> m1i<7) 

tOffliSftlffixi ! » ' ( i=1 , 2, ■ • • ■ ,m) £ IBiSIMtxi <> '« ( i=1 , 
2,"--,m)t LTftX-r^Ct^J: »)nlBOfriStEJUixj 

ne "=gi (xi» ld ,x2<> ld , ■••■,x B 0,<j ) (j=1,2, ,n)£* 

Sy'n^WlBiftiailxiO'^i^^, •••■,m)<0— SC*^ 
v»(i^f» t LTnliOffifimttxj »•■ (j-1,2, • ■ - •, n) £ft 

••' (i=1,2, ■■•■,■) Sr»* 0 
[0 0 0 5] iS^, flfclJPMfr, Sfe»«f> SttfWWf , *e 

[0 0 0 6] C*ufe<0ftttW-»ORUfflv»?>ii4afl[» 

£«\ £fTfttt*KJ:*2r&4 f *tr fe*i* 0 Newton-Rap 
hson£(4, ^ftAi£<7>l*-e£>& 0 S^SCiS^ 

(4j££oi^;frg^KLa»3ffl-c-#$:v\, L*»U 
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4 

cai t* » , it# r *- 3* 'J x a jh-c* 4;t*>ib, 

ft£ <t Wiftff WtHH- 4 4 * i£*>Pj# t *> ffl *> it*. 
[0 0 0 7] ^Aam&t-£«t&*0$£ttUi(4, 

;o [0 0 08] 16i:> tt^coii^ft; Affi£^-r„ & 1 o 

1 1 «2«>«)ffl£iBi«2 id, *-*vr*i*£u, e 

[0 0 0 9] 

#Kftffift«9&teJi¥£f#**:tf>»Z(4, 8t*B#IBI**« < * 

M^l £ H^-f 4 (i S o T v »^ v 0 
[0010] c oW-*^Pb!^6 < % h t v»9 KSOl^H 

ii > mim s mm »c cok-t * o u n * s *^> * * * -e* 

30 ffjK lifter- ;& X«Ui&v«(S^4<aS Lv>. 

[0 0 11] ?«bC, COtW«flW***<**tv»9M 
St4, S*iS«tt*«Ria!lfr*-**&-Uov>T> J: •) 

A ? 0f Pflgeft **tt £#1S Lfcffi«#^OIt «**«SE 

[0012] ttz, c<07ti6, m^TF^mizio^xm 

?T46-e*«), ig^P^'fl:, ffiMfcrnTJ-ft, j§5HSIb£^ 
[0 0 13] *ZX. *»WOS^«AftOWJ«i£«Ml 

50 coil^ftAft^fflv^TlSi+^^^^BlS^fHi, A 



-3- 



5 

[0 0 14] 

[0 0 15] «D 

JWifi«Mit*IBi£«Mti: LrftA+SCtUJ: »)«ra«Wt 
WOnUIEIBiSffiWtt LT1*IE*ri£<tttt4:ftAL 
Ti9>< £ tR«LT, fltftftUttE&ttJffSrft 

Efttt*** «10HO«rES&ftAttOflE®J(Hi£«Mi 

[0 0 16] »-W^S^f(x)=0S:8l^1-|!ttt»x"'S- 
t»E*— 0*SS:S:x-fl(x)i:fE»L, to 

mmim* n • £iaiS{EUix° 1 d t Lrftx-r * - kcto 

•»^<*> 1 d ) HOWEIBiftMb" 1 d t 

LT*rE*rffi«*x»»»«:ftALT«o> <;t tsa 

ttEZ*ftA&C.fc *)^.t(>htit:mUWLmmx"> > (1) 

i&v®<vi&tm>xftxm<DmrtmmAfex ini (2) 

[0 0 17] m«0*ttg»**trnflO«:St#B5S;fj < x 

i,X2, ,xb)=0 (j=1,2, ,n)$:ffitz1r%cfeffix. 

(i-1,2,----,a)**ie>«*:«>rc % ttEX2:2F«3K* 
rc(@<OjS^:^g^;xi^j (xi ,X2, ,x«) (j=1,2, ,n) 

&kx?u m®<7>tommmxi ' ni (1=1,2, — ,m) ^iBia 

i£Utx,° 1 d (i=1, 2, - - - - , m> t UTftAtiit I- i <9 n1@ 
<0#i5iBl'(txj ne «=gj (xi old ,x2 0,d , ,x» old ) (j-1,2, 

• ■ • ■ , n) StfmfflOTftEIBJSffiUixi • ' d ( i=1 , 2, • • 

• ■ . ■) O — »* * v » i: L -Cn* *>*rE*i£ffll*x i 
ne «(j=1,2, ■■•■,n)4rftALr*9>< £ t tK«L 
t> KiWEftttWxi"' (i=1,2,----,m)£#*jl 
•JfcftAScl-iS^T, lttEJi^ftAifeiaftia^ElT-*-** 

«*xi"' (1)(i=1,2.----,in)£, iOHOire£fcftA 
ttOH»E*l«afl3l«[xi ini (2) (i=1,2, ,m) t LTfflv 

[0018] munm&tf. mzttzmmteo. is 

[ o o l 9 ] mtttm&tiK I^tc, 2^7c, 3*7E;i 

[0 0 2 0] lttE*e*0*fl|0«»**. 

[0 0 2 1 ] &Z9%ffll,znfc1rzmi&&mim~£ *) 
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ttfc-T 4 ttE%»3[1EL&*>tirE«)»liftEU* tLTffl^ 

[0 0 2 2] |}E*1S#, ffiWSfctt«f|BJHH-r4fll 

[0 0 2 3] BJE*«S:«r, Newton-Raphson^T-ff < * 
*U*t LtSf S £ t t -r ho 
[0 0 2 4] »*tn**ff-7»**»?-ufl-«u #fr 

«TEJI*ft *S*ifi(ttft-C» < »-&»::** L Titffl $ ft* 

[0 0 2 5] »*tt**ff}***#IR**»::#*U 
#*E*IR5!*-e^-c <bitfc«rE^S**l!l < RS* 
£tc£v>T , iWE*H**ft«:S*ififi)lft-C» < W,&l~ 

[0 0 2 6] »*tt-#*ff "7**0***«*5l#ua- 

«U #«E**S*-Cj£T<bftfciRE*SS*J!K« 
*S*ftU*v»r» lWE«#3!*ft*3i^jS«ffi-Cl!K 

[0027] *tt**oftfl»fi(c*iT-7*'6-^itL-ra 

[0 0 2 8] Uplace<0^i£i;ta>isson<05S£JB^T, 

[0 0 2 9] *t£«-*Oft«[tH(C* 
ff 0 » -frfc** L T&ffl S ft* -1 1 £!ftgjc t + Z 0 
[0 0 3 0] ^ElpJ^H^ffc-r^ffiSSr-t-trffitt 

[0 0 3 1] ifc. ±EOifl«J«r^-r*fci<)lZ, *H 

[0032] ±Mmmmim<F>mii.mz&m vtzmx. 

[0 0 3 3] 

[0 0 3 4] laiC, #f&9J<7>* 1 <r>Xfflmiz%&, 

[0035] i mm i <v®m&nm. i2(±^ioig 

40 >XftXmi~ZZ&®$t*, 1 3t±*l<7)IBMUi, 14 

<i* i o^-g^ i 5 i <7>ff»1£Ui. i 6 1±* i <n 
wmx'hh a m i oaMAttK «t z&mxtn 1 2 -c 
i±, m 1 <o*offifi<affi 1 1 *, ^1 <r>\B'&>&®. 1 3 1 l 
mi <»-kw& 1 4 icft x-r ^ itKiom <o«fia 

tiMt 1 5 Sr*6^„ -f- LT, IfOf* 1 <0lBi5iBLtt 1 3 t 

Lxmi^mmimi 5iKXLx®< ctisat 

v^<7>T% ^KiiT-saii^-TL. i<ot i^o^ioff 
iaittfii 5*»i^&ffi/si 6tt4« 
50 [0036] 2 n±m2<?>V)m%:nm, 2 2 am 2<7>& 
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*ftAttU 2 3(i*2 0|BffiffiMlU 2 4 

(4, m2<owmmm2 1 & 2<ommm2 3tL 

r, »2<0*SS2 4tCftA-T^- tizX *)%2<?>mft 

(em 2 5Zj£&z>o fit, wv t m2<D\Bmm2 3 1 

Lr*2 0*riS«Mit2 5*ftALT^< It*K«t 

^£<or, #RB"eKaii»7L, z<nt^<om2<nm 

i5fa«2 5*m2<D%cmm2 6 ti-* 0 

[0 0 3 7] *#£9JO#g(4, Il^tfgl 6£l&2 

stent 1 Ki, vt^m^mzx »)ft5e$*t^ 0 -r&fr 

*L& 0 »l O^g^l 4 t*2<0*8S:2 4 (4. Ev*K 

««L-ci5»), 6 tm2<D%cmm2 6 

fSlO&HJBl 6Srfflv^*^ ft2 0&ttJ»2 6 
(4, ft 2 0»JWiS(tt« 2 1 rt ? ft 2 OftttJ* 2 6 (CJR^-T 

8?2 6(4, S20MS2 4*>JtOj»KJ: «9 ift < 

[0 0 3 8] 0 2C, $^(7)ilOHJ|fli:#^, 
H2 (a) m£kmmiSim<?>mykZ7f;-fo lOllit 

^ms, 102 (4M-^ms> 1 0 3 (4u^ms. 1 0 4 

m&ttflbUZtiZo 1 0 5i« B s B T\ ^^r(4Nematic 
ffi H B B r&£o 1 0 6(4i£ B H B Kftr, & B B B *T-o^ff^ 

i~o ffiSEl*]l 0 6(4, Iflil 0 3±fcW(nJ«Sl 
0 4 ±r(4, M^mm 1 0 1 £ X WItC 4 5 0 <7) 
ASitUv^o IflSl 0 3 <h*t[njmSl 04t 

6<7>#J»jEfal4, *H«ri4, mk-}5fa*fa^X^Z>o 
itz, i&ik 1 0 5^S^t»tor, Iffgl 0 3±£ 

<t Wftms 1 0 4ti. (3(?TOrab^>o vicogefpji 0 

6(4, ^;b*9>&. Twisted Nemat icO« f&r*&o 
OJMt (x*(fij) (4 5 0 //m, ffi (y^lnl) (4 5 0// 
m, A£ (z^ffnj) Ii5/imti^ 0 

[0 0 3 9] ffi a B e 1 0 5 no«ffi##o»tttwa*. H 
*&:J:ottT^o Ml0 5(i, 120. 5^m 
OIE*»^fciMH$*i& 0 iMHftli, x^ffijr 50/0. 5=1 
00, y^fS]r50/0.5=100, z ^f6ir5/0. 5=1 Oi: & , j£ 
jE^*&^S&:(4, 100x100x10=105.5: 

[0040] B2 (b) u, »«tt»-efflv^*L&«a 



(5) #^9-2 4 5 0 7 8 

Srticis:tt^a^>^T-**-ro i o 7<4&^*r, #te 

K ftfitv ( i , j , k) # $ tt & o Lap I ace05* £ tz 
!4PoissonOS:SrM^ft^Sffli-^i:, &£teT-a;i 0 
7 0^fi(4, -to«Bo»^*i 0 7omffi<h, *at* 

[0 0 4 1 ] v(i, j,k)=((ei-K*nx 2 )[v(i+1, j,k)+v(i-1, 
j,k)]+(ei+e2ny 2 ) [v(i, j+1,k)+v(i, j-1, k)]+(ei 4e2nz 2 ) 
[v(i, j,k+1)+v(i, j,k-1)]+2e 2 in x n v (1/4) [v(i+1, j+1,k) 
-v(i-1, j+1,k)-v(i+1, j-l,k)+v(i-1, j-l,k)]+n Y nz (1/4) 
10 [v(i, j+l,k+1)-v(i, j-l,k+1)-v(i, j+l,k-1)+v(i, k- 
1)]+nznx(1/4) [v(i+1,j,k+1)-v(i+1, j,k-1)-v(i-1,j,k+ 
1)+v(i-1, j,k-1)])+e2 {[2nx (dnx/dx)-mx (dny/dy)+nx (dn 
z /dz) +n y (dnx /dy) -mz (dnx /dz) ] ( 1 /2) h [v ( i +1 , j , k) -v ( i - 
1, j,k)]+[2ny (dny/dy)-Hiy (dnz/dz)+ny (dnx/dx)-mz (dn y / 
dz)+nx(dn y /dx)](1/2)h[v(i, j+1,k)-v(i, j-1,k)]+[2n 
z (dnz/dz)-mz (dnx/dx)-mz (dny/dy)-mx (dnz/dx)+ny (dnz/ 
dy)](1/2)h[v(i, j,k+1)-v(i, j,k-1)]})/{2[(ei4e2nx 2 )+ 
(ei 4e2n v 2 )+(ei +e2nz 2 )]) 
--r, ei, e 2 (4, -ett-ptt, ^*r*StL^ 0 

20 [0 0 4 2] ei = e X, 82= e II - e _L 

e II , c _L(4, ^tt>PiX, ffi^ 1 0 5 0fii*|fili:?tT 
Sifcfc8t«^-e*£o »L < (4, SID 90 DIG 
EST pp.102. Proceeding of the SID 31 ( 1990) pp.30 
1, EID91-24 pp.59, IBM Journal of Reseach and Deve 
lopment 36 ( 1992 ) pp.51, SID 93 DIGEST pp.638, I 
nter national Display Research Conference 1994 pp.3 
51, Japanese Journal of Applied Physics 33 ( 1994 
) pp.6240, SID 95 DIGEST pp.541 £#HB $ tltz^o Z 

^tWjSi o 7 tcov>r^:*)S:o 0 irttt* 

30 o, lOSflOajt^S^jfcSCStL^o 
[0 0 4 3] U3(I, 

^ B H B S^fiosSW*nmfiz:4r^^o 2 0 1 (4^SS& 
r, Misii o i izmnzti, 202 (4^mfer% 
fftfii o 2tcepip§n, 20 3 (4 EStm&r, 
isi o 3 nepsn^t^, 204 ii**iPi*ffiiN nmmu 

10 4 (CflJiOStt^o ^F*J- 1 OmsHOmslt 

(4, n^mfi2 o 3, *trnj«fi:2 o 4 ttcovt\ m 
bb i o 5(c(4SJE^en*D^tL*v> 0 ifc^. ffiSEifi]i o 

6(4, 4D»iE|fi3#cS«:«SFLrv^ 0 «fSJ 0 m s *^ 1 
40 0 0 0m s ir(4, H^mte 2 0 3^ ? 5Vi:i^ ffifi 
1 0 5(c(i«BE**epiP$*L^ 0 Z<Dtztb, ^ B B B E|6]1 0 

6 (4, wmmfc i o 3 i3 j: zmfomu 1 o 4 d^f? ^¥ 
M^^-r^tr, iE^L^^^o ffiSEf^i 0 6*mmt 

[0 0 4 41 «tt»*oa<ttmi±. 0. Imsmzft 
frti&o slco«(4, ^EfSll 0 6tf>8EfL*Pfc. ^fiff 

50 1 0 0 0ms irtl, 1000ms/0.1ms=104Hloaf3:^?r 
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[0 0 4 5] z<r>&&*^ts<mt$L<n l &®.frm<r>®.m.ftM 
^oafl[j»tt«»3r|B|«[-p*4it*«|S^&*LT^*o 4* 

[0 0 4 6] iOA#fiiii:ii, if, mmmmw&ft 

ttl 1 ttxm^K »l«S*ftAft»:J:4aiWH 
2KJ:»>, tl«)|cflf|16W. dOfctfcSMfrUlfc 

ct\ iSSEfai o 6**jgfb-r*o -<7>?s B B H ier6] 

1 0 &<7>mt^ftiXmt\^tz, 0. 1 m s ^£c7>m^i5}• 
;fi>£#<&.&f.:*!>l-, il^ifSl 6*, *20}JJ»Ji£ 
Ilf2 1i LTfflv, »2<OS^:ftXttt=J:*»«[tH|C 

2 2i:i l), »2<0Sctt»f2 6 JElPt, flSSElfij 

1 0 eogefbutto-caffbLfc, 0. lms^omtefr 

*?TB$£iJ lOOOmsi t-fiio 
[0 0 4 7] Cl*t£, fie**>#ft-CJlfv>fc»<&-KJ4, 3 

TV»4o ::tli> 32Bit,90MHzOCPU£}ff£L/,:/*Vn 

[0 0 4 8] B4C, 4c%WOlH10tEHl^SK««, 
ffi H B a *^ttO&iit1-*^*^^-fo 111 4 (a) W 
lt**0 * *#i£ U is It & x H tcS IE « Bf ffi±0 ?& B B a E 
|6]5J-**^-fo 4fc, 114 (b) K, tt»**Otftft 

14 (b) iSi§3t?SJS»*^^f-o fKAft^S 

1.4, ^HefilfSSl 0 3, ttJplSMl 0 4±Offi£ 
E|6]l 0 6 fcPJ— O^iajURjetfco JSii7fe«07tttl4, 
ztt^(p]-C^>-l>o V»*>v9>4 Cross NicoU Normally Whit 

tt-fl-+0*e»4:*ft4IRi;— Jones 2x2 Matr 
ixft£fflv>fc 0 

[0 0 4 9] 114 (a) T-(4, y = 5. 5 fx m, z = 
2. 5//mftj5J:, f^i"J^-y3>7^>A^t 
LTv»«C£0ft>*&. itttc^Jc-LT, 14 (b) T 

i4, »a-r*a«-c, f^ei«)i*^MLtv^ 0 
hi:, 114 (c) -ei4, titif«f, fcftitanfe 
tuv>4. %Ht«>'<**oMai^ at^mx-n^tt 



(6) #^¥9-2 4 5 0 7 8 

[0 0 5 0] 114 (c) Ufiv>T, *tt«tO*«H4, 11 
0 3 0&fiJi:±ffll<omSaUcf&-7 XnKc^X- 
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